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SPEED MEASURING APPARATUS FOR
INDICATING PERCENTAGE OF NOMINAL FULL
SPEED, ACCELERATION AND DECELERATION

BACKGROUND OF THE INVENTION

The present invention relates to a speed measurmg
device and more particularly to a device for determin-
ing various speed parameters of a jet engine such as
determining time required. to reach a percentage of
nominal design speed, time to accelerate from idle to a
desired speed and time to decelerate from full throttle
speed to a desired speed. | |

Various measuring devices are employed fer deter-

mining or detecting the speed of a mechanical element,
particularly a rotating element: For example, in U.S.

Pat. No. 4,028,686, entitled, “Digital Detector”, which

issued June 7, 1977; to Michael A. Wilson and Gerdon
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E. Gee, a device is prowded for measuring the speed of 20

each driver wheel of a truck and ‘comparing the speeds
electronically to denote a sktddtng condition of a vehi-
cle..

Anether Speed meesurm g system 1s deserlbed in U S.
Pat. No. 3,886, 406, which issued May 27, 1975, to Ro-

bert F. Anderson. This system 1s used to detect an over-

speed condition and uses a tachometer which generates
a frequency comparable to vehicle speed. A detector

relay is energized if the frequency generated by the

tachometer becemes above the frequency of a hlgh -pass
filter E o
- SUMMAR'Y OF--THE INVENTION

The present invention relates to a speed meéasuring
device for a jet engine and more particularly to a mea-
SUring device ‘which will prowde a digital reading rep-
resenting a percentage of nominal full speed RPM of a
Jet engine. DT |

A Jet engme for a mtlttary alreraft 18 de51gned SO that
it will rotate at a given number of revolutions per min-
ute at military (MIL) power. For example, MIL power
might be obtained at 4200 RPM. In testing and adjusting
an engine, various test readings are made when the
engine is rotating at a percentage of military power. For
example, 1n one acceleration test, timing is started at
0.4% RPM greater than idle speed and is stopped at
98.5% MIL. Thus it can be seen that it would be conve-
nient during testing to have a measurmg dewce which
will show or dlSplay the % RPM of an engine being
tested and it is an objeet of the present 1nvent10n to

provide such a measuring dewce |
A generator mounted on the engme prewdes a fre-

quency output propertlonal to the engine RPM and this

frequency output is used as an input to circuitry which
converts the signals to % RPM. The frequency output
of the generator is converted to a square wave and a
time interval measurement is made between zero Cross-

ings of the square wave. The square wave controls the-

starting and stopping of a time period counter and mea-
sured time 18 converted to- % RPM whlch IS dlsplayed
on a digital incandescent display. =

It is therefore a general Ob_]E:Ct of the present Inven-"
tion to provide a speed measuring ‘device for a Jet en-
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gine which will provide an output readlng mdlcattve of 65

a percent of military power. . |
Other objects and advantages of the present 1nventlen
will become apparent from the following detailed de-

2

scription of the invention when considered in conjunc-

‘tion with the accompanying drawing.

BRIEF DESCRIPTION OF THE DRAWING

The FIGURE is a simplified block diagram of a pre-
ferred embodiment of the present invention.

- DESCRIPTION OF THE PREFERRED
' EMBODIMENT -

Referrmg now to the drawmg, a generator 11 whleh
1s mounted on a jet engine provides a frequency output
proportional to the engine RPM. The output of genera-
tor 11 is first amplitude limited by voltage divider 12
and then filtered by a low pass filter 13 to eliminate any
high frequency component from the sine wave pro-
duced by generator 11. After filtering the sine wave, 1t
is fed to a zero crossing detector 14 to produce a square
wave. This square wave, in turn, controls the starting
and stopping of counters .15, 16, 17, and 18. Counters
15-18 are clocked to count 70,000 times per second and
the dlgltal representation of the time perled 1S then
stored 1n latches 21, 22, and 23. / s

. As the speed of a jet engine being tested is increased,
the angle of inlet guide vanes in the engine is changed
and it is desired to know the engine RPM when the inlet
guide vanes are at a 33 degree angle and also at a 7
degree angle. Latch 21 1s used to store the RPM count
when the inlet guide vanes are at a 7 degree angle and
latch 22 is used to store the RPM count when the inlet
guide vanes are at a 33 degree angle. A switch 24 is
provided for selecting a desired output from one of

latches 21, 22, or 23 to be applied to multiplexer 285.

The count in latch 23 1s converted to % RPM by
loading the inverted digital representation of the time
period into binary counter 26. Counter 26 is fed with a
10 MHz clock and is counted to terminal count. Each
time counter 26 reaches terminal count it is loaded again
with the inverted digital representation of the time per-
iod and also, each time counter 26 reaches termmal
count, counter 27 is incremented one eeunt The num-
ber of counts in counter 27 after 100 ms is a digital
representatlon of % RPM. The information in counter
27 1s then latched by latch 28 and fed to a driver-
decoder 29 which, in turn, drives the % RPM 1neandes-—-
cent display 31.

~ An acceleration circuit is provided for measuring and
indicating the time (in seconds) required for an engine

to accelerate from idle speed to Mil-Power speed less

1.5%. The acceleration test starts when the throttle
linkage is advanced from an idle p051t10n to a full power
position.

Referring again to the drawing, a selector switch 32 1s
provided for switching the circuitry to an acceleration
test mode. Latch 33 stores a time period equwalent of
idle % RPM and adder 34 adds the time period equiva-
lent of 0.4% RPM to the information in latch 33. The
output of adder 34 (time period equivalent of idle speed
plus 0.49% RPM) is stored in comparator 35 and, when
the RPM signal value from latch 23 exceeds the RPM
value stored in comparator 35, comparator 35 sends a
signal to start clock 36. Latch 37 stores a time period
equivalent of military power % RPM and a time period
equwalent of 1.5% RPM is subtracted from the infor-
mation in latch 37 and the information is stored in com-
‘parator 39. When the RPM value stored in latch 23
becomes greater than the RPM value stored in compar-
ator 39, a signal is sent to stop the running of clock 36.
Thus, eleek 36 runs from a speed of 1d1e +0.4% RPM
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to a speed of Mil-power RPM less 1.5% RPM and this
time (in seconds) is then displayed on incandescent
display 43 through latch 41 and driver/decoder 42.

A deceleration circuit is also provided for measuring
and indicating the time (in seconds) required for an 35
engine to decelerate from full Mil-power RPM less
1.5 RPM to 75% RPM. Selector switch 32 is
switched to the deceleration test mode and comparator
39 stores a value representing military power less 1.5%
RPM. When the RPM value in latch 23 becomes less
than the value stored in comparator 39, a signal is sent
to start clock 36. Comparator 44 has a value stored
representing 75% RPM and, when the value from latch

23 become less than the stored value in comparator 44,
a signal is sent to stop clock 36. The running time of ;4

clock 36 1s known as engine deceleration time and this
time is displayed through latch 41 and driver/ decoder
42 to incandescent dlsplay 43.

OPERATION

In Operatlon, the speed measurlng apparatus of the
present invention is connected with the output of a
generator 11 of an engine and the frequency outputs of
generator 11 are proportional to the engine RPM. The
circuitry above-described converts the output signals to
- 90 RPM by measuring the period of a square wave with
a 70 KHz time base. The measured period which is
recorded in counters 15-18 is latched, complimented
and presented to the % RPM conversion circuitry.
Counter 26 1s fed with a 10 MHz time base and is
counted to terminal count. Each time counter 26
reaches terminal count, it is reloaded with the compli-
mented period and counter 27 is incremented up one
count. The number of counts in counter 27 after 10
milliseconds 1s representation of % RPM. This repre-
sentation is then latched and dlsplayed by incandescent
display 31.

In testing a mllltary jet engine, it is desirable to know
% RPM for two inlet guide vane angles, that is for a 7
degree angle and for a 33 degree angle, and latches 21
and 22 are provided for holdmg the count for these two 40
angles. Selector switch 24 is actuated when read-out of
either latch 21 or 22 is desired.

Selector switch 32 is actuated when an acceleration
test is to be made. Comparator 35 starts the running of
clock 36 when a desired starting speed is reached (idle 47
speed plus 0.4% RPM) and comparator 39 stops the
runmng of clock 36 when the desired maximum speed is
reached (MIL power less 1.5% RPM). The time (in
seconds) that clock 36 has been running is displayed by
incandescent display 43. | |

Selector switch 32 is also actuated when a decelera-
~ tion test is to be made. Comparator 39 starts the running
of clock 36 and comparator 44 stops clock 36. Again,
the time of running of clock 36 i is displayed by incandes-
cent display 43.

It can thus be seen that the present invention provides
speed readings of ajet engine which are a percentage of
a desired speed and that these direct percentage read-
mgs are useful in making various operational tests of an
engine. |

‘Obviously many modifications and variations of the
present invention are possible in the light of the above
teachings. It is therefore to be understood that the in-

vention may be practiced otherwise than as spemﬁcally
described.

1 claim: | |
1. A speed measuring device for indicating a percent
of full speed design RPM of an engine comprising,
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signal means for providing frequency signals propor-
tional to rotational speed of an engine,

first counter means for counting a fixed rate,

means connected with said signal means for starting
and stopping said first counter means wherein the
count made by said first counter means represents
RPM of said engine,

second counter means for counting a fixed rate and
connected with said first counting means for con-
verting said count in said first counter means to a
value representing a percent of said full speed de-
sign RPM of said engine, and

means for displaying said value.

2. A speed measuring device for indicating a percent
of full speed design RPM of an engine as set forth in
claim 1 wherein said signal means for providing fre-

quency signals proportional to rotational speed of an
engine 1s a generator.

3. A speed measuring device for indicating a percent
of full speed design RPM of an engine as set forth in
claim 1 wherein said means connected with said signal
means for starting and stopping said first counter means
includes a zero crossmg detector. |

4. A speed measuring device for indicating a percent
of full speed design RPM of an engine as set forth in
claim 1 having a clock connected with said signal means
and having means for starting said clock at a low speed
of said engine and stopping said clock at a higher speed
of said engine and having means for displaying the time
of operation of said clock to provide an acceleration test
of said engine. - |

5. A speed measuring device for indicating a percent
of full speed design RPM of an engine as set forth in
claim 1 having a clock connected with said signal means
and having means for starting said clock at a high speed
of said engine and stopping said clock at a lower speed
of said engine and having means for displaying the time
of operation of said clock to provide a deceleration test
of said engine.

6. A speed measuring device for indicating a percent

~of full speed design RPM of an engine comprising,

a generator tor providing frequency signals propor-
tional to rotational speed of an engine, |
first counter means for counting at a fixed rate,

a zero crossing detector connected with said genera-
tor for starting and stopping said first counter
means wherein the count made by said first counter
means represents RPM of said engine,

second counter means for counting a fixed rate and
connected with said first counting means for con-
verting said count in said first counter means to a
value representing a percent of said full speed de-
sign RPM of said engine, and

an mcandescent display for displaying said value.

7. A speed measuring device for indicating a percent
of full speed design RPM of an engine as set forth in
claim 6 having a clock connected with said generator
and having means for starting said clock at a low speed
of said engine and stopping said clock at a higher speed
of said engine and having means for displaying the time
of operation of said clock to provide an acceleration test
of said engine. |

8. A speed measurlng device for 1ndlcat1ng a percent
of full speed design RPM of an engine as set forth in
claim 6 having a clock connected with said generator
and hawng means for starting said clock at a high speed
of said engme and stopping said clock at a lower speed
of said engine and having means for displaying the time

of operation of said clock to prowde a deceleration test

of said englne
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